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(54) Apparatus for testing bonds between an (electric) element and a support provicted with 
conducting tracks 

(57) A apparatus for testing the bond between an 
(electric) element and a support provided with conduct- 
ing tracks, which apparatus includes a vertically mova- 
ble arm, to which a first hook-shaped element can be 
attached, by means of which hook-shaped element it is 
possible to catch inter alia a wire which is on the one 
hand connected to said element and which is on the 
other hand connected to a conducting track on said sup- 
port, and whereby a first force sensor is mounted 
between said hook-shaped element and said arm, 
whereby furthermore a second rigid element can be 
attached to said arm, by means of which rigid element a 
horizontal shearing force can be exerted on said ele- 
ment or on the bond between said wire and said ele- 
ment, whereby the apparatus furthermore includes an 
X-Y-table disposed under said arm, to which a support 
comprising one or more elements can be secured, and 
whereby said apparatus comprises a second horizon- 
tally disposed force sensor, by means of which the hor- 
izontal force being exerted on said element or on said 
bond can be measured. 
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Description 

A apparatus for testing bonds between an (electric) 
element and a support provided with conducting tracks, 
which apparatus includes a vertically movable arm, to s 
which a first hook-shaped element can be attached, by 
means of which hook-shaped element it is possible to 
catch a wire which is on the one hand connected to said 
element and which is on the other hand connected to a 
conducting track on said support, and whereby a first 10 
force sensor is mounted between said hook-shaped 
element and said arm, whereby furthermore a second 
rigid element can be attached to said arm, by means of 
which rigid element a horizontal shearing force can be 
exerted on said element or on the ball bond between is 
said wire and said element, whereby the apparatus fur- 
thermore includes an X-Y-table disposed under said 
arm, to which a support comprising one or more ele- 
ments can be secured. 

Although the apparatus according to the invention 20 
is hereinafter described by means of an application from 
the semiconducting track industry it is noted tiiat the 
invention can be universally applied in ail cases where 
small mechanical connections must be tested for 
strength, as for exannple in the electronic, mechanic and 2S 
medical industries. 

In the semiconducting track industry a production 
process called bonding is used. Said bonding com- 
prises two production stages, ttiat is: 

30 

- die-bonding 
wire-bonding 

Die-bonding normally comprises the step of attach- 
ing the element to the support by means of an adhesive 35 
film. Once the elements have been attached to the sup- 
port, the unit consisting of support and elements, which 
Ibrnfis a semifinished product, is taken to the next stage, 
where wire-bonding takes place. 

Wire-bonding comprises the step of forming a joint 40 
between the element (chip) on the one hand and the 
conducting tracks on tiie support (printed circuit board) 
on tiie otiier hand. The joint is mostiy formed of gold or 
aluminium wire having a diameter varying between 17.5 
and 800 micormeters. There is a major difference 45 
between wire-bonding witii gold wire and wire-bonding 
witii aluminium wire. The gold wires are wekied to the 
element and to the support by means of heat. The alu- 
minium wires are attached to the element and to the 
support by means of an ultrasonic process. so 

In order to be able to test tiie results of tiie two pro- 
duction processes use is generally made of a so-called 
pull and shear test apparatus. Three tests can be car- 
ried out by means of such a testing apparatus, that is a 
wire pull test, a ball shear test and a die shear test. ss 

The first test (wire pull test) comprises ttie testing of 
the strengtii of the ymre bond as a whole (welds and 
connecting wire). In order to test tiie quality of the con* 
necting wire and tiie welded connections, a pull is 



exerted on tiie wire by means of a hook, whereby a dis- 
tinction may be made between a test whereby a tiie pull 
is exerted on ttie hook until the wire breaks or until tiie 
welded connections give way, a so-called destructive 
test, and a test wherein a pull being is exerted on tiie 
wire until a predetermined pull magnitude is reached, a 
so-called non-destructive test 

The second test (ball shear test) comprises tiie 
testing of the strengtii of the bond between wire and ele- 
ment by pushing aside tiie ball, the end of tiie connect- 
ing wire. When said bond is tested, horizontal forces are 
exerted on the ball by means of a rigid element, a so- 
called bit, which forces push ttie ball off ttie weld sur- 
face. 

The tiiird test (die shear test) comprises ttie testing 
of ttie strength of ttie bond between a element and a 
support, for example, by shearing off ttie element. This 
takes place In tiie same manner as in the preceding 
test, with tiie understanding tiiat ttie rigid element, tiie 
so-called bit, exerts a horizontal force on the element 
until tiie glued joint between element and support is bro- 
ken as a result of ttie aforesaid horizontal force. 

With known apparatus for testing the bond between 
an electric element and a support a single sensor is 
used, which is mounted in the arm of tiie test apparatus. 
Eitiier a hook-shaped element for exerting a vertical pull 
on the wire or a rigid element, a so-called bit, is ttiereby 
attached to said sensor for carrying out the shear test of 
ttie element from the support and/or the ball of said ele- 
ment. 

The force sensors which are used are generally 
sensors built up of strain gauges or of stacked-together 
plates of piezo-electric material, which are connected in 
a Wheatstone bridge. 

When testing tiie wire, whereby a vertical pull is 
exerted on ttie wire, no problems occur with regard to 
ttie measuring results. This kind of problems does 
occur, however, when the same force sensor is used for 
measuring ttie forces ttiat are exerted when tiie element 
and/or the ball are forced aside in horizontal direction. 
The problem lies in tiie construction of the sensor, which 
is normally built up of several layers. It is not relevant 
tiiereby whettier piezo material or strain gauges are 
used. 

When a pull is exerted on tiie wire, tiie various lay- 
ers of tiie force sensor are sti^etched, as a result of 
which tiie resistance vwll change. The trend of ttie 
changes In the resistance as a function of tiie length of 
ttie material is ttiereby linear. When ttie element or ttie 
ball is forced aside in horizontal direction, however, tiie 
various layers of the material of tiie force sensor are not 
uniformly loaded along ttie entire length. This will cause 
tiie Wheatstone bridge to become asymmetrical, and 
the t'end of the changes in tiie resistance as a function 
of tiie lengtii will no longer be linear. In fact ttie force 
sensor is In ttiat case used for measuring forces in a 
direction for which it was not developed. This incorrect 
use will cause ttie force sensor to break down quickly 
and will furthermore lead to incorrect measuring results. 
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at least when larger forces are IrTvolved. 

In principle the problem of the shearing forces in 
fact acting on the force sensor in a wrong direction 
might be solved by placing the support in a vertical posi- 
tion and exerting a vertical shearing force on the ele- 
ment. If this method were used the forces exerted on the 
force sensor would be vertical forces again, forces in a 
correct direction, therefore. 

When the support is placed in a vertical position, 
however, it is extremely difficult to assess the position of 
the bit by means of the usual stereo microscope, whilst 
furthermore a higher testing apparatus is needed for 
placing the support in a vertical position. 

When a single value of the force at which the ball 
bond is broken is obtained, it is not possible to make any 
statements on inter alia the strength of the ball bond. 
Generally it is not possible to find a sound basis for a 
conclusion. 

The object of the invention is to provide a apparatus 
for testing bonds between an (electric) element and a 
support provided with conducting tracks which does not 
exhibit the above drawbacks. In order to accomplish that 
objective the apparatus according to the invention is 
characterized in that said apparatus comprises a sec- 
ond horizontally disposed force sensor, by means of 
which the horizontal force being exerted on said ele- 
ment or on said ball bond can be measured. 

With the apparatus according to the invention the 
force sensor which is mounted between the hook- 
shaped element and the arm is used for measuring the 
forces that occur when a vertical pull is exerted on the 
connecting wires between the element and the support. 
When the element is forced aside in horizontal direction 
with respect to its support, a force sensor mounted in 
the X-Y-table or at a location between the rigid element 
and the arm is used for measuring the forces that occur 
thereby The rigid element, the so-called bit, is thereby 
mounted at a fixed location in the arm. The element is 
forced aside as a result of the support being moved in 
the horizontal Ydirection by driving and moving the X-Y- 
table. The sensor is thereby mounted in the apparatus 
in such a manner, that it can only be excited in a single 
direction, so that no distortion of measured value can 
occur. By using one sensor for measuring vertical 
forces, and a second sensor for measuring horizontal 
forces, a measuring apparatus has been obtained 
wherein the two sensors are only loaded in the direction 
for which they were designed, so that no distortion of 
measured values can occur. Loading a sensor in the 
connect direction will furthermore strongly reduce the 
risk of the sensor being damaged. 

In another advantageous embodiment of the appa- 
ratus according to the invention the table is built up of a 
base part, which is guided on a further part of the X-Y- 
table via guide means and which supports a second 
part, on which the support and element can be secured, 
whereby the second force sensor is mounted between 
said second part and said base part. 

In another embodiment the rigid element is coupled 



to the arm by means of a slide, whereby the slide 
includes a base part, which is secured to said arm. and 
a further part, to which the rigid element may be con- 
nected, whereby said second force sensor is mounted 

5 between said base part and said further part. 

In another advantageous embodiment of the appa- 
ratus according to the invention at least one pair of par- 
allel leaf springs is connected to said arm. which leaf 
springs are at their other side interconnected by a first 

10 plate, on which a connecting block is mounted, which 
connecting block supports a second plate extending 
parallel to said first plate, said second plate being pro- 
vided with a bore, in which a first shaft is rotatably jour- 
nailed, said shaft on one side of the plate being coupled 

15 to a driving motor and on the other side of said plate to 
an arm on which said first force sensor is mounted, 
whereby said force sensor comprises a second shaft 
whose central axis coincides with the central axis of 
said first shaft, and whereby said second shaft is posi- 

20 tioned in a coaxial bore in said first plate with one end. 
whereby either a hook-shaped element or a rigid ele- 
ment, which fit in said bore with some play, or a rigid ele- 
ment, which is a tight fit in the bore, can be secured to 
said second shaft, whereby the second force sensor is 

25 furthermore mounted between a part of the arm can-ied 
by said leaf springs and a fixed part of said arm. When 
vertical pull forces are to be measured with said appara- 
tus, a hook-shaped element is attached to said second 
shaft, for example by providing said hook-shaped ele- 

30 ment with a sleeve which fits on the end of said second 
shaft and which can be f ixed thereto, said sleeve having 
an outside diameter which is smaller than the inside 
diameter of the bore in said first plate. The second shaft 
and the hook-shaped element connected thereto are 

35 rotated one turn by means of the motor and the trans- 
mission mechanism to the constructional member to 
which the second shaft is connected, thus enabling said 
hook-shaped element to catch a wire. Then the arm is 
moved upwards and the pull occurring in the wire that 

40 has been caught is transmitted to the force sensor via 
said hook-shaped element and said constructional 
member. 

If only small shearing forces are to be measured, a 
rigid element is again attached to the end of said sec- 

46 ond shaft by means of.a sleev^e which is secured to said 
second shaft and which has a diameter which is smaller 
than the diameter of the bore. When the element to be 
tested is moved in horizontal direction, said element or 
the ball between wire and element are pressed against 

50 said rigid element, whereby horizontal shearing forces 
occur, which are transmitted to the force sensor via said 
rigid element and said constructional member. When 
the magnitudes of the respective shearing forces are 
small, said force sensor is capable of measuring said 

55 shearing forces sufficiently accurately. When the shear- 
ing forces exceed a predetermined magnitude, the 
measuring apparatus which is connected to the force 
sensor will deliver a signal to indicate to the user that 
larger shearing forces can no longer be handled in this 
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manner. For forces which are larger than the shearing 
forces which are admissible for the first force sensor, the 
user will have to mount a different rigid element on the 
end of said second shaft, for example by means of a 
sleeve which fits on the shaft and which can be secured 
thereto, and which is a tight fit in the bore in the first 
plate. When shearing forces are exerted on said rigid 
element, said forces are directly transmitted to the first 
plate via said sleeve, and to the second force sensor via 
said first plate. Since said second force sensor is dis- 
posed horizontally between a part carried by the leaf 
springs and a part of the arm. the forces act on said 
force sensor in the right direction, so that said force sen- 
sor will measure said shearing forces very accurately 

A very robust construction has been obtained by 
suspending the unit from at least one pair of parallel leaf 
springs. The first plate is pressed against the second 
force sensor under the influence of the shearing forces 
to be measured. Said plate thereby moves a short dis- 
tance, which distance con-esponds with the extent to 
which the sensor is depressed. The leaf springs will 
slightly deform thereby After the shearing forces are 
released, the leaf springs will return to their original 
position again. A next measurement can be can-ied out 
from the starting position again. 

According to another embodiment the second force 
sensor is built up of a stack of piezo-electric plates, 
which stack is fixed to the base part and which butts 
with one rounded end against a surface of the second 
part, in such a manner that the second part is capable 
of exerting horizontal forces on the force sensor. In this 
manner the table is prevented from transmitting forces 
other than horizontal forces to the force sensor. 

Another advantageous embodiment of the appara- 
tus is characterized in that the apparatus comprises a 
memory for the storage of the values measured by the 
two force sensors, and that furthermore a display 
screen is present, on which the entire trend of the 
changes in the forces can be displayed graphically This 
apparatus not only makes it possible for the user to 
measure the final values of the two tests, but it also ena- 
bles the user to follow the changes in the forces during 
the tests carried out on the connecting wires as well as 
on the element from the moment that forces are being 
exerted on the element and on the wires until said 
forces have reached a predetermined value, or until the 
bond between the element and the support is broken. It 
may also be possible thereby to compare the changes 
in the forces of previous tests with the changes in the 
forces of an ongoing test. 

The invention will be explained in more detail here- 
after with reference to the drawings, in which: 

Figure 1 schematically shows a apparatus for test- 
ing bonds between an (electric) element and a sup- 
port; 

Figures 2 and 3 are a plan view and a side view 
respectively of a support comprising conducting 
tracks and electric elements mounted thereon; 



Rgure 4 is a schematic view of a apparatus accord- 
ing to the invention, wherein a hook-shaped ele- 
ment is mounted in the arm; 
Figure 5 shows part of the apparatus according to 

5 Rgure 4, wherein a rigid element is mounted in the 
arm. by means of which element horizontal forces 
can be exerted on the element; 
Rgures 6 and 7 are two mutually perpendicular 
sectional views of an X-Y-table which can be used 

10 in the apparatus according to Rgure 1 ; 

Rgure 8 is a schematic view of another embodi- 
ment of the arm; and 

Rgure 9 shows a further embodiment of the arm. 

15 Reference numeral 1 in Figure 1 indicates a frame 
of a apparatus for testing bonds between an electric ele- 
ment and its support. Accommodated within said frame 
is a guide arrangement 2 for a vertically movable arm 3. 
in which a sensor 4 is mounted, to which either a hook- 

20 shaped element 5 or a rigid element (not shown) may 
be attached. The arm 3 can be moved up and down 
along said guide an-angement 2 by means of a motor 6. 
An X-Y-table. on which a element and support to be 
tested can be secured, is present on frame 1 . under arm 

25 3. The arm is furthermore provided with a motor 8 for 
rotating the head. 

Frame 1 furthermore accommodates two motors, 
by means of which table 7 can be driven. Said frame fur- 
tiiermore accomodates force supplies 9 and a PC 10. In 

30 addition to tiiat the apparatus comprises a monitor 1 1 . 
Figures 2 and 3 schematically show, in plan view and 
side view respectively, a support 12 witii a number of 
elements 13 mounted thereon. Support 12 is thereby 
provided with electric conducting ti-acks 14, and tiie ele- 

35 ments are provided with contact surfaces 1 5. The con- 
tact surfaces 15 of the elements and tiie conducting 
tracks 14 of the support elements are connected 
togetiier by connecting wires 16 (bonds), which are on 
the one hand attached to the conducting tracks 14 and 

40 on the otiier hand, by means of an adhesive film, to tiie 
contact surfaces 15. The elements 13 are tiiereby 
attached to support 12 by means of an adhesive film, for 
example. In order to check whetiier bonds between tiie 
elements 13 and the support 12 satisfy all quality stand- 

45 ards, tiiree tests need to be earned out. 

In tiie first place it must be tested whetiier tiie 
slrengtii of the wires 16 and their bonds 16 to tiie con- 
tact surfaces 15 and tiie conducting tracks is sufficient. 
Furthermore it must be tested whetiier tiie bond 

50 between ball 16 and the contact surfaces 15 is suffi- 
ciently strong. 

Rnaliy it must be tested whether tiie quality of the 
glued joints between elements 1 3 and support 1 2 is suf- 
ficient. 

55 Rgure 4 schematically shows a apparatus for carry- 
ing out tiie three above tests. Parts which correspond 
witii parts shown in Rgures 1 - 3 are indicated by the 
same numerals. Only those parts that are relevant for a 
proper understanding of the invention are shown in tiie 
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apparatus according to Figure 4. The Figure shows arm 
3, which is movable in vertical direction and which car- 
ries a sensor 4, to which arm a hook-shaped element 5 
is attached. 

Disposed under arm 3 is an X-Y-table 7, which s 
includes a table part 1 7, in which a second force sensor 
18 is mounted, and on which a support 12 and a ele- 
ment 13 attached thereto can be secured. Table part 17 
is movable in horizontal direction by means of two (X-Y) 
driving mechanisms 19, via two motors 20. io 

When the strength of the wire 16 and its bonds to 
support 12 and element 13 is to be tested, arm 3 is in 
the first place moved downwards until hook 5 catches 
wire 16, after which arm 3 is moved upwards and the 
bond is subjected to a pull force. The forces that occur is 
thereby are measured by means of sensor 4. 

In order to test the bond between contact surface 
15 and ball 16, said ball is loaded for shear by exerting 
horizontal forces thereon. This is done by connecting a 
rigid element 21 to sensor 4 and exerting horizontal 20 
forces on the contact surface with said rigid element. 
Incorrect loading of sensor 4 is prevented by the con- 
struction for securing said rigid element. 

Rigid element 21 is thereby connected to arm 3 at a 
predetermined fixed location, whilst element 13 is 25 
moved horizontally by means of table 7, whereby a 
shearing force is exerted on ball 16 by rigid element 21. 
The shearing forces which occur in the horizontal plane 
thereby are measured by means of sensor 18 in table 7. 
Sensor 4 is thereby used for detecting the contact 30 
between rigid element 21 and support material 12 or 
element 1 3 (sensor protection). 

After contact has been made arm 3 is moved 
slightly upwards, so that the correct contact surface 
between bit 21 and ball 1 6 is determined at all times. 35 

In order to test tiie bond between element 13 and 
support 12 a shearing force is exerted again by means 
of a similar rigid element 21, in this case on element 13 
itself, however. To that end arm 3 is moved downwards 
until it touches support 12, after which arm 3 is moved 40 
slightly upwards and is fixed in position at some dis- 
tance from support 12. Then element 13 is pressed 
against rigid element 21 by means of table 7, so that 
horizontal shearing forces are exerted on element 13. 
which shearing forces are measured by means of sen- 45 
sor18. 

In this manner ttie vertical forces which occur dur- 
ing the testing of the wires 16 are measured by means 
of sensor 4, that is, in the direction for which said sensor 
has been designed, whilst the horizontal forces which so 
occur during the other two tests are measured by 
means of sensor 18, whereby said forces are measured 
in the horizontal plane, again in the direction for which 
said sensor has been designed, therefore. Conse- 
quentiy tiie amount of distortion of measured values will ss 
be minimized. The measurement data thus obtained are 
all stored in a memory of PC 10, from which they can be 
retrieved and be displayed on monitor 11. A graphic 
illustration of the measurement data is thereby 



obtained, so that the user of the apparatus will get a pre- 
cise picture of the changes in the forces from ttie begin- 
ning of the test until the end thereof. It is possible 
thereby to compare tiie changes in the forces of a test 
which has just been started with those of possible other 
tests, so tiiat any deviations can be directly detected. 
This makes it possible to establish directly whetiier a 
measurement has been carried out in a conrect manner 
or not. 

Rgures 6 and 7 are two schematic, mutually per- 
pendicular sectional views of an X-Y-table. First table 
part 22 is tiiereby guided on a base part 24 via a roller 
guide shoe 28. Table part 22 is provided with a guide nut 
construction 25, wherein a spindle 26 is capable of rota- 
tion by means of a driving mechanism (not shown). A 
second table part 27 is guided on said first table part 22 
via a roller guide shoe 29. 

Second table part 27 is also provided with a guide 
nut 30, in which a spindle 30 is accommodated, which 
can be driven via a driving mechanism (not shown). 
Table part 27 is thereby built up of an upper part 31 and 
a part 32 positioned under said upper part. A sensor 18 
is mounted between table parts 31 and 32. On the one 
hand sensor 1 8 is thereby fixedly connected to the lower 
portion 32 of second table part 27. On tiie other hand 
sensor 18 butts witii a convex surface 33 against part 
34. which is fixedly connected to upper portion 33 of 
table part 27. A support may be secured to table part 
31, and when shearing forces are exerted on a element 
13 present thereon, said forces are transmitted, via 
table 31, to the convex end 33 of the force sensor 18, 
and the forces being exerted are measured by said sen- 
sor 18. The force sensor 18 is thereby built up of a 
number of stacked-together piezo-electric elements, 
and tiie shearing forces are thus exerted in the longitu- 
dinal direction of force sensor 18 via table 31, perpen- 
dicularly to the piezo-electric elements ttierefore, so tiiat 
no distortion of tiie measured values can occur. 

Rgure 8 schematically shows another enrtfxxiiment 
of the apparatus according to the invention. In this 
embodiment the second force sensor for measuring 
horizontal forces is not mounted in the X-Y-table dis- 
posed under the movable arm, but in arm 3 itself. 

Arm 3 according to Figure 8 again includes a pick- 
up head 40 for piddng up either a hook-shaped element 
5 or a rigid element 21 . A pick-up element 42 is rotatably 
journalled in head 40, which element is capable of pick- 
ing up the hook-shaped element or the rigid element. 
Element 42 can be rotated by means of a motor 43. 
which only takes place when a wire is being caught by 
the hook-shaped element. A first force sensor 44 for 
measuring vertical forces is present in a joint between 
element 42 and motor 43. 

In this embodiment head 40 forms a first part, which 
is horizontally movable, via (schematically indicated) 
guides 45, in a second slide portion fixedly connected to 
arm 3. A force sensor 46 is inserted between head 40 
and said second slide portion. When a rigid bit is con- 
nected to pick-up element 42 in this embodiment, and 
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shearing forces from a element or ball are exerted on 
said bit. head 40 will move slightly to the left under the 
influence of said forces, and exert forces on force sen- 
sor 46. Also in this embodiment it has been anranged 
that the vertical forces which occur when a wire is being 5 
tested are measured by a vertical force sensor, whilst 
the horizontal forces occurring during the shear test are 
measured by a horizontal force sensor. 

Figure 9 schematically shows another embodiment 
of an arm. In this Figure reference numeral 50 indicates 10 
an arm. Arm 50 Is provided with a carrying portion 51, 
which is provided with cams 52 and 53, to which leaf 
springs 54 and 55 are secured. Although only two leaf 
springs are shown in the drawing, in reality two further 
leaf springs are connected to the arm, which leaf is 
springs are staggered with respect to the Illustrated leaf 
spring, in a direction perpendicularly to the drawing. 
Leaf springs 54 and 55 are connected together by a first 
plate 56 at their sides facing away from the extended 
part. Provided on said plate 56 is a block of material 57, 20 
which Is provided with a second plate 58 at its upper 
side, which plate runs parallel with first plate 56. Second 
plate 58 is provided with a bore 59, in which a shaft 60 
is rotatably journalled. Said shaft 60 Is connected to a 
driving motor 61 at its upper side, and to an arm 62. 25 
which can-ies a first sensor 63, at its bottom side. Sen- 
sor 63 is provided with a part 64 and with a construc- 
tional part 65. which is provided with a second shaft 66, 
the central axis of which coincides with the central axis 
of first shaft 60. Shaft 66 thereby extends through a 30 
hardened sleeve 67. which is provided In a bore in first 
plate 56. A second force sensor 68 is provided between 
first plate 56 and the base part of arm 50. 

The operation of this apparatus is as follows. When 
this apparatus is to be used to measure the pull in wires. 35 
vertical forces, therefore, a hook-shaped element 70 
provided with a sleeve 71, which can be secured to 
shaft 66 by means of a fastening screw 72, is secured to 
second shaft 66. The outside diameter of sleeve 71 is 
thereby smaller than the inside diameter of hardened 40 
sleeve 67, so that sleeve 71 can move in sleeve 67 with- 
out friction. After arm 65 has been moved downwards, 
arm 62 is rotated by motor 61 via shaft 60, so that also 
the constructional part 65 will rotate about Its own axis 
and the hook also makes a rotation, thereby catching a 45 
wire. When the arm 50 moves upwards, the pull occur- 
ring in the wire that has been caught will be transmitted 
to sensor 63 as a pull force via hook-shaped element 
70. shaft 66 and constructional part, which sensor will 
measure said pull force and transmit it to a measuring so 
apparatus. 

When this apparatus is to be used to measure small 
shearing forces, a rigid element 73. also called bit. hav- 
ing a shape as shown in Figure 9a is mounted on sec- 
ond shaft 66 instead of hook-shaped element 70. At its ss 
upper end said bit 73 is sleeve-shaped, with an outside 
diameter which is smaller than the inside diameter of 
hardened sleeve 67. Moving arm 50 downwards will 
position the bottom end of bit 73 at the level of the part 



whose shearing force is to be measured, after which a 
force is exerted by moving the part to be tested in hori- 
zontal direction, whereby bit 73 experiences a shearing 
force, which it transmits to sensor 63 via shaft 66 and 
constructional part 85. These shearing forces can be 
measured up to a certain value by sensor 63 without 
any significant distortion. When the respective shearing 
forces exceed a predetermined admissible value, the 
measuring apparatus will deliver a signal to the user, 
who will then know that the sensor 63 is not able to 
process any forces that are greater. 

When shearing forces of a value higher than the 
pre-adjusted admissible value are to be measured, a bit 
having a shape as shown in Figure 9b is mounted on 
shaft 66. Said bit 74 may have substantially the same 
shape as the bit shown in Figure 9a, but the diameter of 
the upper end of bit 74 substantially corresponds with 
the Inside diameter of hardened sleeve 67, so that said 
bit fits therein without play. When shearing forces in hor- 
izontal direction are exerted on said bit 74, said forces 
will no longer be taken up by shaft 66 and be transmitted 
to sensor 66, but they will be directly transmitted to plate 
56. which will be slightly moved in the horizontal plane 
in that case and transmit the forces to sensor 68, which 
Is mounted horizontally in the apparatus.. Said sensor 
68 thus receives forces from plate 56 in a direction for 
which it has been designed, so that said sensor is capa- 
ble of measuring said forces with great accuracy By 
suspending plate 56 from one or more pairs of leaf 
springs 54, 55, a very robust construction has been 
obtained, which allows a slight movement of plate 56. 
Said leaf springs furthermore ensure that plate 56 is 
connected to the arm without play, so that the possibility 
of play, which might affect the measuring process, is 
ruled out when bit 74 fits tightly within hardened sleeve 
67. Plate 56 is moved towards force sensor 68 under 
the influence of the shearing forces to be measured. 
Plate 56 thereby moves a small distance, which dis- 
tance coH'esponds with the extent to which the sensor is 
depressed. The leaf springs allow said movement, and 
after the shearing forces have been released the leaf 
springs will return to their starting position again. Fol- 
lowing this a next measurement may be candied out. 

Although the apparatus according to the invention 
has hereinbefore been desaibed by means of an appli- 
cation from the semiconducting track Industry, it is noted 
that the invention can t^e universally applied in all cases 
where small mechanical connections must be tested for 
strength, as for example in the electronic, mechanic and 
medical industries. 

Claims 

1 . A apparatus for testing bonds between an (electric) 
element and a support provided with conducting 
tracks, which apparatus includes a vertically mova- 
ble arm, to which a first hook-shaped element can 
be attached, by means of which hook-shaped ele- 
ment it is possible to catch inter alia a wire which is 
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on the one hand connected to said element and 
which is on the other hand connected to a conduct- 
ing track on said support, and whereby a first force 
sensor is mounted between said hook-shaped ele- 
ment and said arm, whereby furthermore a second 5 
rigid element can be attached to said arm, by 
means of which rigid element a horizontal shearing 
force can be exerted on said element or on the ball 
bond between said wire and said element, whereby 
the apparatus furthermore includes an X-Y-table 10 
disposed under said arm. to which a support com- 
prising one or more elements can be secured, char- 
acterized in that said apparatus comprises a 
second horizontally disposed force sensor, by 
means of which the horizontal force being exerted 75 
on said element or on said ball bond can be meas- 
ured. 

A apparatus according to claim 1, characterized in 
that said second force sensor is mounted in said X- 20 
Y-table. 

A apparatus according to claim 1, characterized in 
that said second force sensor is mounted at a loca- 
tion between said rigid element and said arm. 25 

A apparatus accading to claim 2, characterized in 
that said table is built up of a base part, which is 
guided on a further part of the X-Y-table via guide 
means and which supports a second part, on which 30 
the support and element can be secured, whereby 
said second force sensor is mounted between said 
second part and said base part. 

A apparatus according to claim 3. characterized in 35 
that said rigid element is coupled to said arm by 
means of a slide, whereby said slide includes a 
base part, which is secured to said arm. and a fur- 
ther part, to which said rigid element may be con- 
nected, whereby said second force sensor is 40 
mounted between said base part and said further 
part. 

A apparatus according to claim 3, characterized in 
that at least one pair of parallel leaf springs is con- 45 
nected to said arm. which leaf springs are at their 
other side interconnected by a first plate, on which 
a connecting block is mounted, which connecting 
block supports a second plate extending parallel to 
said first plate, said second plate being provided so 
with a bore, in which a first shaft is rotatably jour- 
nailed, said shaft on one side of the plate being 
coupled to a driving motor and on the other side of 
said plate to an arm on which said first force sensor 
is mounted, whereby said force sensor comprises a 55 
second shaft whose central axis coincides with the 
central axis of said first shaft, and whereby said 
second shaft is positioned in a coaxial bore in said 
first plate with one end. whereby either a hook- 



shaped element or a rigid element, which fit in said 
bore with some play, or a rigid element, which is a 
tight fit in the bore, can be secured to said second 
shaft, whereby said second force sensor is further- 
more mounted between a part of the arm carried by 
said leaf springs and a fixed part of said arm. 

7. A apparatus according to claim 1 , 2, 3, 4 or 5, char- 
acterized in that said second force sensor is built up 
of a stack of piezo-etectric plates, which stack is 
fixed to the base part and which butts with one 
rounded end against a surface of said second part, 
in such a manner that said second part is capable 
of exerting horizontal forces on said force sensor. 

8. A apparatus according to any one of the preceding 
claims, characterized in that said apparatus com- 
prises a memory for the storage of the values 
measured by the two force sensors, and that fur- 
thermore a display screen is present, on which said 
values can be displayed graphically. 
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